Submicrometer-scale metals show higher resistance to plastic deformation compared with bulk metals. This is due to the interaction between dislocation and a free surface such as dislocation escape (1) . This suggests that the presence/absence and the thickness of a thin surface oxide layer affect the mechanical properties and strength of submicrometerscale metals. The purpose of this study is to investigate the influence of a thin surface oxide layer on fracture toughness of submicrometer-thick metallic films.
Introduction.
Submicrometer-scale metals show higher resistance to plastic deformation compared with bulk metals. This is due to the interaction between dislocation and a free surface such as dislocation escape (1) . This suggests that the presence/absence and the thickness of a thin surface oxide layer affect the mechanical properties and strength of submicrometerscale metals. The purpose of this study is to investigate the influence of a thin surface oxide layer on fracture toughness of submicrometer-thick metallic films.
Materials and specimens.
Freestanding Cu films with a thickness of approximately 500 nm, deposited by electron beam evaporation method, were examined. The surface oxide layer was grown by conditioning in dry air at 120°C or 140°C for 1 h. Cu film specimens with a native oxide layer (thickness: 1.4-2.1 nm) and with a thermal oxide layer (thickness: 3.0 or 5.9 nm) were prepared. The specimens without an oxide layer were prepared by removing the surface oxide layer on both front and rear surfaces of the specimen with a thermal oxide layer by argon ion sputtering method. A single side edge notch was introduced using a focused ion beam system. In some specimens, platinum markers were deposited ahead of the notch for strain distribution measurement.
Experimental methods.
In situ field emission scanning electron microscope (FESEM) fracture toughness experiments were conducted using an in situ FESEM tensile testing machine (2) , (3) . Crack tip opening displacement (CTOD) was evaluated by measuring the notch width before loading (δ0), notch opening displacement (δa) and crack mouth opening displacement at the notch root (δnr) from FESEM images. The CTOD was calculated using the following equations (2) , (3) , and the critical CTOD was determined as δ just after crack initiation.
Results and discussions. Figure 1 shows the influence of the surface oxide layer thickness on the critical CTOD of the Cu films. The critical CTOD of the films with a surface oxide layer was almost in the same range regardless of their oxide layer thickness. In contrast, the fracture toughness of the films without a surface oxide layer was larger than that of the films with a surface oxide layer. The strain distribution measurements ahead of the notch were conducted under the same δ (Fig. 2) , and confirmed a high and localized strain just ahead of the notch in the film with the thermal oxide layer ( Fig. 2(a) ) and a wider strain distribution in the film without the oxide layer ( Fig.  2(b) ). This indicates that the presence of the surface oxide layer helped localize the plastic deformation ahead of the notch, leading to lower fracture toughness. 
